ABSTRACT In a study in 1975 of the mortality experienced over six years by two groups of men one group had been exposed to slate dust and the other had had no previous exposure to dust. In non-smokers there was no material excess mortality associated with past exposure to dust but in smokers there was a pronounced (26%) excess. In the slate workers the risk for smokers was on average 76% greater than for non-smokers, and increased with severity of pneumoconiosis; in those who had not been exposed to dust the risk was 50% greater for smokers than non-smokers. In ex-smokers among those who had been exposed to slate dust the risk of death was higher in those with the lower lung function initially. No such association was detected in the other groups.
The results of a survey of slate workers and other residents in north Wales in 1975 have been given by Glover et al.1 That study was mounted because it had been found that there was an excessive proportion of respiratory deaths in slate workers, not including deaths from pneumoconiosis, compared with others in previous years. A high prevalence of disabling pneumoconiosis was discovered. We now report mortality in a cohort of slate workers and in subjects who had not been exposed to slate or any other industrial dust.
Method
In the original survey in 1975,1 725 men had been identified who had been exposed to slate but not to any other industrial dust. Another group of 530 men had never been exposed to any industrial dust. In what follows these are referred to as slate workers and controls.
By courtesy of the Office of Population Censuses and Surveys the deaths of any of these 1255 men were notified to us, together with the date and a copy of the medical certificate of cause of death. The deaths occurred during the period of changeover from the 8th to the 9th revision of the International Classification of Causes of Death, so deaths occurring after the change were recoded as necessary so that all causes were in accordance with the 8th revision.
Notification of deaths is continuing, but in the present paper an analysis is presented of the mortality experienced up to 31 July 1981, a period of about six years. Because the survey continued over a period of Table 1 shows the numbers of men for whom data is available. All the data necessary to explore the role of the FEV,, FVC, smoking, and severity of pneumoconiosis in determining the risk of death were available for 89% of the slate workers. Among the controls 87% had complete information but of those who died only 74% were completely documented. Table 2 shows the age distributions of the two groups and of the 202 deaths. The unusual age distribution of the control subjects is a consequence of the sampling strategy in the original survey.' Figure 1 shows the death rates by age, and clearly the groups do not differ appreciably, although the rates in the slate workers are never less than those of the controls between the ages of 40 and 60. Table 3 shows the 202 deaths grouped by cause, and again there are no important differences between the two groups. The small excess in proportion dying in the slate workers (17-8% compared with 13-8% in the controls) is not eliminated if the eight deaths attributed to pneumoconiosis are removed. The numbers of deaths expected on a 129:73 partition are shown in brackets, and no cause shows pronounced disproportionality. The 11 miscellaneous deaths comprised two from diseases of the nervous system, one from diabetes, three from "senility," and five from violence.
The smoking habits of the men could clearly be relevant to their mortality. Table 4 shows how they were distributed. There were six men whose smoking habits were not known, three slate workers who all survived, and three controls of whom one died. The 59 pure pipe smokers were too few to be treated separately: 10 of the 30 slate workers had died, four of the 29 non-dusty. The remaining six classes are all sufficiently numerous to be treated individually.
The linear regressions of log.A on age are listed in table 5. The more negative the constant the lower the risk of death. The age coefficients are all similar except that for ex-smokers in the slate workers, which is far smaller than the others. Excluding this group, a common age coefficient of 0-1030 + 0-0070 could be fitted, the constants then changing slightly as shown in the second part of table 5. A likelihood analysis indicates that there is no significant loss of goodness Figure 2 shows the death rates by year of age resulting from this analysis. The ordinate is the value of 1 -exp(-365A) for each group expressed as a percentage. The exceptional group of ex-smokers among the slate workers is marked by its higher death rate up to age 60 increasing less rapidly with age. The fit of the data is illustrated in control who smoked; 2 = control non-smokers; 3 = control ex-smokers; 4 = slate workers who smoked; 5 = slate workers who did not smoke; 6 = slate workers ex-smokers). In the slate workers the results for both FEV1 and FVC were similar: in the non-smokers no significant effect on mortality or either lung function or radiological score, in smokers a significantly increased risk of death with increasing radiological score but no relation to lung function, and in ex-smokers no effect of radiological score but a pronounced dependence on lung function, rather more on FVC than on FEV1 (table 8) . Indeed the decline of lung function with age was such that there was no additional effect of age after lung function was allowed for.
Discussion
The first conclusion that appears from this study is the relatively small excess of mortality in men exposed to slate dust, compared with men from the same area who had not been exposed to dust. This is despite the fact that many showed considerable radiological evidence of pneumoconiosis and this had previously been found to be associated with a loss in lung function.1 Table 9 Numbers ofobserved deaths by smoking and exposure classes, and the numbers expected on the basis of the mortality rates ofall 1255 men in five year age groups Oldham, Bevan, Elwood, and Hodges As soon as cigarette smoking is allowed for, however, a different conclusion is suggested. In nonsmokers the excess risk of death in slate workers is no more than 0 25%; in smokers it is 26% (the difference in log.A, with a common age coefficient, is 15 39 -15-13 or 0-26). In slate workers the risk for smokers is 76% greater than for non-smokers; in the controls 50% greater. These estimates have large standard errors but provide a good fit to the model assumed. Table 9 shows that effects of this type accord with the results; the death rates in five year age groups experienced by all 1255 men have been applied to the two occupational groups subdivided by smoking class to give expected numbers of deaths which may be compared with observed numbers, as in calculating age standardised mortality rates. The one conspicious feature is the excess mortality experienced in the smoking slate workers, which is balanced by deficiencies in non-smokers, both slate workers and controls. These relative rates confirm the appearance of an excess effect when smoking is combined with exposure to slate dust.
The radiological data on the severity of pneumoconiosis again pick out this group of smokers as the only one whose mortality increases significantly with pneumoconiosis score. In non-smokers and exsmokers it appears irrelevant. It must be remembered that in so far as the amount of pneumoconiosis tends to increase with age, it is only when mortality can be seen to occur at a rate increasing with the amount of pneumoconiosis in men of the same age that a joint effect may be detected. Rather than the smokers being in any way unusual, it may be solely that they are sufficiently numerous for such trends to show themselves. Table 10 shows distinct trends of mortality increasing with radiological score in men of the same age. Even in these 384 smokers with x ray data the numbers in individual cells are small, and in the other smoking classes the numbers are less than half the size.
The lack of a relation between mortality and lung function except in another single group, this time the ex-smokers in the pure slate workers, again must be 
